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ABSTRACT
Foraging specialization is one mechanism that has been hypothesized
to promote species coexistence and, thus, higher bird species diversity in
tropical forests. Dead-leaves suspended in vegetation above the forest floor
constitute a focal substrate that may promote specialization (Rosenberg
1990a, b). In a study locality in Amazonia, Remsen and Parker (1984)
reported 16 species of birds closely associated with this system. Therefore,
it represents a microcosm of high diversity in tropical forests. As such, one
natural question is how this substrate can support so many coexisting
species, and at what level does specialization occur?
In the present study, I address these questions using two approaches.
First, I compare composition and abundance of arthropods (grouped by taxa
and trophic group) in dead-leaf clumps from two different habitats (river
edge and terrace forests) and from clumps composed of small, medium, or
large leaves (Chapter I). Second, I compare diets of Automolus rufipileatus
and A. ochrolaemus, two species that specialize on this substrate, that
occur in river edge and terrace forests, respectively. Diets of the specialists
are compared to that of A. rubioinosus, a non-specialist that occurs in
terrace forest (Chapter II).
Samples of arthropods from dead-leaf clumps in terrace and river edge
forests were collected (n= 12) during the dry season at Pakitza (Manu
National Park, Dpt. of Madre de Dios, Peru). I sorted arthropods to OTU
(Operational Taxonomic Units) (Vandermeer 1972) and counted and

measured individuals for each unit. Each taxon was assigned to one trophic
group based on known primary food habits (predators, blood suckers,
parasitoids, scavengers, herbivores, fungivores, detritivores, omnivores, and
non-feeding). Individuals also were divided into size categories (1 =0.1-4.99
mm; 2=5.0-9.99 mm; 3=>_10.0 mm). Composition of arthropod taxa,
trophic groups and size classes available in dead-leaf clumps from river edge
and terrace forest did not vary greatly, although more arthropods/m 3 were
available in river edge forest.
I gathered stomach contents (n = 7, A. rufipileatus; n = 24, A.
ochrolaemus; n= 10, A. rubioinosus) from birds collected during the dry
season in the study area from museum collections (MUSM and FMNH).
Arthropod fragments were sorted, mounted and identified to OTU. They also
were measured and assigned to two size categories (1 = 0.1-4.9mm;
2= >5mm). Jacob's Electivity Index (1974) was used to evaluate the use of
arthropod taxa by the two specialists relative to what was available from the
samples from river edge and terrace forest. In general, the two specialists
overlapped more in diet than either did with the non-specialist. Diets of the
two specialists were similar in arthropod taxa and size of prey items they
contained but they differed from the non-specialist in the number of
Orthoptera consumed and size of prey. Anecdotal data on aggressive
interactions between the two specialists when they come in contact at the
edges of their habitats suggest that segregation might have developed to
avoid interactions with each other in exploiting the same substrate, and

same prey items.
This study, although limited in scope as it summarizes data only from
the dry season, contributes to our knowledge of the level at which
specialization occurs in the Automolus-dead leaf system. Thus it is helpful in
understanding general patterns of how species coexist, addressing the main
question of why there are more species in the tropics.

CHAPTER I
ARTHROPODS AS RESOURCES IN SUSPENDED DEAD-LEAVES
INTRODUCTION
The floristic and structural diversity of tropical forests creates a
variety of microhabitats which support a diverse arthropod community.
These arthropod communities constitute potentially distinct foci of food
resources for vertebrates. Indeed, the high species diversity typical of
tropical forests is due in part to the foci diversity and their associated
resources (Gradwohl and Greenberg 1980, Terborgh 1980, Pearson 1982).
In fact, one mechanism which has been hypothesized to promote species
coexistence in tropical forests and, thus, high diversity is substrate or food
resource specialization (Orians 1969, Karr 1971, 1976, Terborgh 1980). The
development of such specialization, however, depends on the long-term
predictability or constancy of resources. Despite the hypothetical importance
of diversity of resources and adaptation for using them, the degree to which
species richness can be explained by these processes has yet to be
quantified (Morton 1973, Karr 1975, Remsen and Parker 1984). Moreover,
arthropods as resources and exactly how they are "packaged" in
microhabitats are virtually unknown.
One approach to understanding the role that food resources play in
structuring communities is to study a subset of species that forage in a
clearly defined microhabitat or focal substrate. Dead leaves suspended in
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vegetation above the forest floor are discrete foraging sites that constitute
one focal substrate that may promote specialization among birds (Terborgh
1980, Gradwohl and Greenberg 1982, Remsen and Parker 1984, Rosenberg
1990a, b). In Amazonia, at least 16 species of birds are closely associated
with dead leaves (Munn and Terborgh 1979, Munn 1985, Remsen and
Parker 1984, Rosenberg 1990a, b); 11 forage almost exclusively on this
substrate (Remsen and Parker 1984, Rosenberg 1990a, b). Consequently,
they represent a microcosm of high diversity in tropical forests when
compared to temperate forests; no dead-leaf clump specialists occur in the
latter. As such, one natural question is how this substrate can support so
many coexisting species. Remsen and Parker (1984) suggested that deadleaf specialists may further subdivide the focal substrate by segregating with
respect to habitat, foraging height, leaf size, or prey type. Indeed, Rosenberg
(1990b) found that dead-leaf specialists segregated by habitat with
members of congeneric species pairs occurring in either upland and/or lowlying forests (e.g., Automolus, Philvdor. Myrmotherula).
Given that birds which specialize on dead-leaf clumps appear to
segregate their foraging according to habitat, the question arises as to what
degree does further segregation (e. g., leaf size) influence prey items
included in a bird's diet. This question is important because it addresses the
scale at which specialization occurs (i.e., by habitat, foraging substrate
within habitat, or prey item within the foraging substrate). Assuming that
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resources are limited (which at some scale all are), only a limited number of
species can coexist in a certain habitat or on a particular foraging substrate.
Knowing the level at which specialization occurs helps us explain how
species coexist and by that to understand the overall richness of tropical
forests.
This question can not be addressed without measuring arthropod
resources. An objective of this study is to determine the availability of
arthropod resources in dead-leaf clumps composed of small, medium, and
large leaves in two habitats and thus evaluate the potential for fine scale
specialization by organisms which use this substrate to search for food.
Measuring availability in a biologically meaningful manner, however, is
not straightforward. Availability, as defined by Johnson (1980), refers to
how accessible different prey items are to birds. Arthropods occur across
the environment in certain abundance and distribution, but only some
proportion of these will be available to birds at any given time (Price 1984,
Wiens 1989). Thus, abundance per se does not necessarily indicate
availability of prey (Hutto 1990, Holmes 1990). Size, appearance (cryptic or
not), and activity (diurnal/nocturnal), together with abundance, likely provide
a better indicator of arthropod availability than abundance alone.
Numerous techniques for sampling arthropods exist (Morris 1960,
Strickland 1961, Wolda 1979, Southwood 1980, Raley 1986, Cooper and
Whitmore 1990, Majer et al. 1990), but most are of little use to
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ornithologists because they are usually designed to sample specific taxa
rather than whole communities (Smith and Rotenberry 1990). Consequently,
few studies have attempted to actually determine the diversity and
abundance of arthropods available as food resources for birds, primarily
because of the difficulties associated with sampling arthropods in complex
environments (such as tropical forests) (Sherry 1984, Wiens 1989, Smith
and Rotenberry 1990). Instead, abundances are typically inferred rather than
measured.
An initial attempt to measure resources in suspended dead-leaves was
made by Gradwohl and Greenberg (1980, 1982, 1984), who studied use of
this substrate by the Checker-throated Antwren (Mvrmotherula fulviventris)
the only member of this guild on Barro Colorado Island, Panama. They
combined direct, visual examination of leaves with leaf bagging and
fumigation to examine the relative profitability of different potential foraging
sites for this bird species. Later, Rosenberg (1990b) used similar methods to
assess the arthropod community of dead-leaf clumps of a lowland
Amazonian forest in his study of 11 dead-leaf specialists in Bolivia and Peru.
Methods used in both studies are biased against certain groups of
arthropods, especially those that are markedly vagile or those likely to
remain in leaves during leaf manipulation required for observation or
collection. Further, few arthropods per sample are gathered and, as a
consequence, relative frequencies and abundances obtained from these
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samples do not reliably assess the resource (Cooper and Whitmore 1990). A
sampling technique that overcomes many of these difficulties, when applied
to discrete substrates such as dead-leaves, is fogging (or insecticidal knock
down) (Erwin 1989, Cooper and Whitmore 1990, Majer et al. 1990). With
fogging, it is possible to acquire large samples of many taxa of arthropods
with approximately equal probability, a critical aspect for assessing relative
frequencies (Cooper and Whitmore 1990, Majer et al. 1990). Success rate
of capture of arthropods using the fogging method is high; subsequent
beating with a beating sheet and posterior examination of leaves shows that
capture success is _>_ 95 % (Erwin unpub. dat.).
Adequate assessment of resources also depends on the level of
identification; conclusions about relative importance of taxa may differ
depending on the level of taxonomic identification of prey (Cooper and
Whitmore 1990). Classification of arthropods in a meaningful manner for
bird studies can be particularly complex. The use of the Operational
Taxonomic Units (OTU) has been recommended in several studies
(Vandermeer 1972, Wolda 1990). This method requires the use of a
reference collection to assign a code instead of a name to designate
"morphospecies". For this study, I extended the OTU concept to class,
order, and family, depending on degree of morphological or trophic variation
within the arthropod group being considered.
The main objective of this study was to quantify the resources
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available for birds that specialize in the dead-leaf system. Specifically, I
addressed the following questions:
1.- Does the abundance and distribution of arthropods grouped by
taxon or trophic category differ in dead-leaf samples collected between
forest types and among sizes of leaves?
2.- From all arthropods found in dead-leaves, which ones are potential
prey based on their abundance, size, appearance, and activity?
METHODS
I compared arthropod resources (taxonomically and by feeding habits)
between two forest types and among clumps composed of small, medium,
or large leaves. I further categorized arthropods by appearance (cryptic or
not) and activity (diurnal or nocturnal).
Study site.- The study was conducted at Pakitza Biological Station in
the Reserve Zone of Manu National Park, located in the Department of
Madre de Dios, Peru (11°55'48"S, 71°15'18"W, 356 m elevation). Pakitza,
established under the direction of the Smithsonian Institution's BIOLAT
(Biodiversity in Latinamerica) Program, covers approximately 4,000 ha
(which is accessed by ca. 36 km of trails) (Fig. 1.1). A dry season extends
from May to October (T = 21 °C min, 28 °C max, Pp = 160 mm/month);
the wet season extends from November to April (T = 22 °C min, 28 °C
max, Pp = 340 mm/month).
Seven types of forest and four types of open areas have been
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described as habitats for birds at this locality (Servat in press). Two
dominant forest types are river edge and terrace. River edge forest is
characterized by emergent Ceiba (Bombacaceae), Diptervx (Leguminosae),
Ervthrina (Leguminosae), Cecropia (Moraceae), and Ficus (Moraceae). Early
successional stages appear where landslides have occurred, such as at the
end of the Cana Brava Trail (Fig. 1.2). Where periodic flooding creates a
floodplain, dominant genera are Gvnerium (Graminae) and Iriartea (Palmae).
River edge forest at Pakitza is well represented at the end of Zungaro Trail
and along Pacal and Cana Brava trails and in Zone 7 (Fig. 1.2).
Terrace forest (also called transitional forest) occurs on old alluvial
terraces away from the main river. Such terraces are dissected by small
streams and have well drained, sandy soils. The forest is dominated by the
genus Rinorea (mainly R. auianensis) (Violaceae) and many palms of the
genera Iriartea. Astrocarvum. and Socratea, among others. The understory
sometimes is covered with bamboo (Guadua weberbauerii). This forest is
well represented in Zone 1, along the Tachigali and Troncal Castanal Trails
(Fig. 1.2). A more complete description of the area can be found in Erwin
(1990) and Foster (1990).
Fogging.- Fogging samples from suspended dead-leaf clumps (Erwin
1990) were collected from forests (Fig. 1.2) in which two species of foliagegleaning (Furnariidae) birds occur, Automolus rufipileatus in river edge forest,
and A. ochrolaemus in terrace forest; both are specialists of suspended
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dead-leaf substrates (Chapter II).
During the dry season (September 1991, June 1993) dead-leaf
clumps were located along trails and the following information was
recorded: type of forest, height of the clump above the forest floor, volume
(measuring width x length x height with a ruler); predominant size of leaves
in the clump (small (S) = <_ 10 cm length, medium (M) = 11 to 25 cm, or
large (L) = >_ 25 cm); date; and weather conditions. Plastic sheets of 6.25
m2 were placed under the clump. Fogging was conducted at dawn (5:30 6:00 am), when the wind is calm and vegetation dry, using the insecticide
Resmythrin, a pyrethroid based chemical with a knock down agent (Erwin
1990). At dawn, a complete faunula can be sampled given that both
"resident" arthropods (that breed and feed in the dead leaves), as well as
the day-time "hiders" are present (the hiders have returned from their night
time foraging elsewhere in the forest) (Erwin pers. comm.). Two hours after
fogging, arthropods were removed from the plastic sheets and preserved in
70% alcohol. A total of six samples (two for each of three leaf sizes) from
terrace and river edge forests (12 samples total) were collected.
Sorting.- From each fogging sample, I sorted arthropods to OTUs
(Vandermeer 1972, Wolda 1990) under a dissecting microscope and
counted the number of individuals for each unit. I used body length as a
measure of the size of each individual because length is considerably easier
to measure than weight and, for arthropods, the two measures are highly
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correlated (Rogers et al. 1976, 1977). Measurements were taken from the
hind-most tip of the abdomen or wings (whichever longer) to the forward
most part of the head (excluding antennae) using a video measuring device
(DIAS - Digital Image Analysis System, Version 1.01, 1993, C-squared
Corporation) connected to an Olympus Zoom stereo-dissecting microscope
(Model SZH). Arthropods were divided into size categories (1 = 0.1-4.99
mm; 2 = 5.0-9.99 mm; 3 = _> 10.0 mm).
Each taxon was assigned to one trophic group based on known
primary food habits (Appendix 1.1) using personal observations and available
literature (CSIRO 1970, Erwin and Scott 1980, Stork 1987, Borror et. al.
1992). The use of trophic groups or guilds (Root 1967) is common in
analysis of community structure, but its application in the study of large
arthropod communities presents several difficulties: different life stages may
belong to different guilds; biology of many tropical arthropods is poorly
known; different members of a given taxon of arthropods might fall into
more than one guild; and many species may be transients in the study
system (Stork 1987). Trophic groups were: predators (pr), herbivores (he),
wood-eaters (we), fungivores (fu), detritivores (de), scavengers (sc), blood
suckers (bs), omnivores (om), parasites (pa), and non-feeding (nf) (Appendix

1.2).
Data Analysis.- I compared composition, abundance and distribution
of taxa, trophic groups and size classes between forest types and among

9

sizes of leaves using data on number of arthropod individuals. Taxa
represented by fewer than 100 individuals (6% of total) were excluded from
some analyses. I adjusted for sample volume by dividing the total number of
individuals by cubic meters of dead-leaf clump.
All variables were tested for normality (Wilk-Shapiro test) and equality
of variances (Bartlett's test) prior to statistical comparison and were
transformed (In) when necessary. Non-parametric tests were used for
variables that did not meet assumptions of parametric tests, even after
transformations. In all cases, the null hypothesis was that abundance and
distribution of arthropods did not differ between forest types or among sizes
of leaves.
Cluster analysis (PC-ORD, McCune 1993) was used to compare
arthropod composition among the samples (12 fogging samples x 102 taxa
matrix). The expected outcome was that samples taken from within river
edge (or terrace) forest would be more similar to each other (i.e., form a
cluster) than to samples from terrace (or river edge) forest. Analyses were
based on total number of individuals per taxon per fogging sample. Data
were standardized "by the norm" (Greig-Smith 1983) using the Euclidean
equivalent of relativization by row and column total. I used Sorensen's
coefficient of similarity and UPGMA (unweighted pair-group method) to
create the dendrogram (McCune 1993).
I used M a n n -Whitney or t-test, and Kruskal-Wallis (non-parametric
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analysis of variance) tests to determine if significant differences in arthropod
abundance existed between forest types and among leaf sizes, respectively.
Spearman rank correlation (Sokal and Rohlf 1981) was used to examine
general trends in arthropod taxa composition of river edge and terrace
forests. Chi-square tests of independence were used to compare distribution
of taxa, trophic groups and size classes between forests and among sizes of
leaves. Categories were excluded if expected cell frequencies did not meet
assumptions of this test.
RESULTS
General.- Arthropods found in samples from suspended dead-leaves at
Pakitza comprised 102 taxa (OTU), representing 22 orders (23 with
"larvae") (Appendix 1.1). Twenty taxa (OTUs) accounted for 94.0% of all
individuals, with Formicidae accounting for most individuals (63.0%).
Herbivores, predators and omnivores were the most abundant guilds. Most
arthropods were within 0.1 - 4.99 mm size class.
A total of 37,842 individuals representing 96 taxa was found in dead
leaves (n = 6, 6 m 3 total) from river edge forest; 24,513 individuals in 89
taxa were collected from terrace forest samples (n = 6, 15 m 3 ) (Table 1.1).
Some taxa were restricted to either river edge (13 taxa, 0.1% of total
individuals) or terrace forest (6 taxa, 0.01% of total individuals). The low
numbers in which they occurred suggests that this apparent restriction could
be attributed mainly to collecting artifact (e.g., Isoptera and the beetle family
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Lampyridae have been observed in both forest types but turned up only in
river edge samples). Other taxa (e.g., Hydrophilidae, Trichoptera, and
Odonata) are found only in river edge samples; these taxa spend most of
their life cycle close to water so their absence from terrace forest samples is
not unexpected (Appendix 1.1).
Taxa composition and abundance.- Cluster analysis indicated that
fogging samples taken from river edge forest were more similar to each
other than to those from terrace forest (Fig. 1.3). Terrace forest samples, in
contrast, were more distinct, and did not form a single major group. There
was some indication that leaf size influenced similarity of samples, although
this pattern was not consistent. Clumps composed of small leaves from river
edge forest were more similar (Fig. 1.3).
In terms of numerical abundance, dead-leaf clumps from river edge
forest had more arthropods per volume (m 3 ) than did clumps from terrace
forest (U = 34, P < 0.005). In fact, one sample from river edge forest
(RbM04) had 44% of total number of individuals in this habitat (Table 1.1).
However, even when this sample was excluded from the analysis, significant
differences in abundance were found between the two forest types (U =
28, P < 0.01).
These numerical differences were not due solely to a few taxa. Upon
examining the 20 most common and abundant taxa, 19 of 20 had higher
values in river edge forest, 12 of those significantly so. One taxon
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(Cyclorhapha) had higher values in terrace forests but it was not significantly
higher (Table 1.2). In contrast, arthropod abundance was not influenced by
leaf size of the clump, either when all taxa were combined (H = 2.81, P >
0.20) or when 20 selected taxa were tested separately (H = 0.07 - 4.25, P
> 0.10).
Not only did numerical abundance of some taxa differ, but the relative
distribution of individuals within 18 selected taxa (Formicidae and
Psocoptera were excluded from analysis due to high numbers) differed
between the two forest types

(x 2

= 372.7, P < 0.0001, 17 df). Certain

taxa, such as Pseudoscorpionidae, Thysanoptera, and larvae were relatively
more important than expected in river edge forests, whereas Blattidae,
parasitic wasps, Staphylinidae, Cyclorhapha, and Tettigoniidae were
relatively more important in terrace forest (Fig. 1.4a). Similarly, the relative
distribution of these taxa differed among clumps composed of small,
medium, and large leaves

(x 2

= 441.3, P < 0.001). In general, small leaves

had more Blattidae, parasitic wasps, and Chrysomelidae, medium leaves
more Araneida, Thysanoptera, and Curculionidae, and large leaves contained
more larvae, Phalacridae, Berytidae, and Staphylinidae than expected (Fig.
1.4b). Despite these differences, abundance per taxon was correlated
between river edge and terrace forests (r, = 0.7, P < 0.05, n = 18),
indicating a general level of similarity in taxa composition.
Guild composition and abundance.- All arthropod guilds were
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represented in samples from both forests, although the non-feeding guild
(Ephemeroptera and Plecoptera) contained only 5 individuals and was
excluded from comparisons. When numerical abundances within guilds were
compared between forests, all guilds were more abundant in river edge
forest, significantly so in six cases (Table 1.3). In contrast, there were no
differences in abundance of individuals grouped by guilds in small, medium,
or large leaves (H = 1.42, P > 0.05).
The distribution of individuals among trophic categories differed
between two forest types ix2 = 130.8, P < 0.01, 8 df) with predators and
scavengers more important in river edge forest and omnivores and
parasitoids more important in terrace forest (Fig. 1.5a). Distribution of
trophic categories also differed among leaf size classes

(x2

= 247.7, P <

0.0001) with more omnivores and parasitoids in small leaves, scavengers
and blood suckers in medium, and more herbivores and fungivores in large
leaves (Fig. 1.5b).
Arthropod size.- Results of comparisons between forest types using
arthropods grouped by size class generally reflected earlier results, that is,
significantly more arthropods of a given size class were found in river edge
forest than in terrace forest (U = 33, 33, 34, P < 0.05 for size 1, size 2,
and size 3, respectively). The distribution of arthropod taxa among size
classes, however, did not differ between forest sites
df = 2) (Fig. 1.6).
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(x2

= 0.7, P > 0.05,

When arthropod sizes among clumps composed of small, medium, and
large leaves were compared, no differences in abundance were found (H =
2.0, 0.2, 1.5, P > 0.40). However, distribution of arthropod taxa among
size classes differed (x2 = 24.3, P < 0.0001, df = 4). Clumps composed of
medium leaves contained more arthropods than expected in the second size
class (5.0 - 9.99 mm) whereas clumps composed of large leaves contained
more arthropods than expected in the third size class (> 10.0 mm).
DISCUSSION
Dominant arthropod taxa of dead-leaf clumps were Formicidae,
Psocoptera, Araneida, Homoptera (Cicadellidae and Fulgoridae), and
Coleoptera (Curculionidae and Chrysomelidae). These results match those of
other studies in the neotropics that have used fogging to sample in other
substrates, such as the canopy (Erwin 1983, Adis et al. 1984, Wilson 1987,
Farrell and Erwin 1988, Basset 1991, Tobin 1991). Consequently, in terms
of abundance, these taxa likely represent the most reliable food resources
for birds across most substrates. However, differences in the relative
distribution of less abundant taxa are apparent. In river edge forest, for
example, larvae, Thysanoptera, and Pseudoscorpionida were more abundant,
whereas, Blattidae, parasitic wasps, Staphylinidae, Cyclorhapha, and
Tettigoniidae were more abundant in terrace forest. These differences likely
affect prey composition for birds foraging in dead-leaf clumps.
Differences in abundance of arthropod guilds between forest types
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detected in this study may also affect resource availability for birds.
Predators (mainly spiders and ants) may feed successfully on the relatively
large populations of Psocoptera, Thysanoptera and Nematocera, although
most of these predators probably feed opportunistically. Herbivores were
also abundant in the substrate. Omnivores, scavengers, and parasitoids will
benefit by the abundance of prey (or hosts) in dead-leaf clumps, while wood
eaters, fungivores, and detritivores might benefit from the high
microepiphyte load of old leaves and branches that conmprise the clump.
Each trophic group may offer different alternatives to birds foraging in deadleaves as different guilds may require special behavior to extract and handle
(e.g., scavengers are more sedentary than predators).
In terms of size, small arthropods were the most abundant across
samples, followed by medium and large sizes, corroborating other studies
that have shown an inverse relationship between abundance and body size
for terrestrial arthropods (Janzen and Schoener 1968, Erwin 1980, 1983,
Morse at al 1985, 1988, Shorrocks et al. 1991, Stork and Blackburn 1993).
Birds may not forage randomly within dead-leaf clumps. Certain
arthropods may be more conspicuous due to their size (birds may be more
likely to see a large arthropod than a smaller one), appearance, and activity,
and thus, will be more likely to be captured by birds. Moreover, large, noncryptic, and diurnally active taxa (e.g., Formicidae, Chrysomelidae, and
Cicadellidae) may be more likely to be consumed by diurnal birds that forage
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in this substrate opportunistically than those that are cryptic and hiding there
during the day (e.g.. Larvae, Blattidae, and Tettigoniidae). The latter taxa
would be available to bird species that exhibit appropriate and specific leafsearching behavior to locate and extract them. Being a substrate specialist is
advantageous because it provides access to abundant and large (more
profitable) arthropods hiding in leaves, as well as the entire array of prey
that live and breed in this substrate.
The differences in abundance of arthropods in suspended dead-leaf
clumps of river edge and terrace forests discovered here are not unexpected.
Indeed, river edge forests growing on nutrient rich alluvial soils (= high
ground forests, Terborgh 1985) sustain richer and highly diverse plant
communities (Terborgh 1985). Erwin (1990) reported 579 trees representing
140 species in a 1 ha plot in dissected alluvial terrace forest at Pakitza; 647
trees representing 171 species were found in 1 ha plot in upper floodplain
forest. It has been suggested that as soil productivity rises, the number of
individuals of plants will also increase (Rosenzweig and Abramsky 1993).
Therefore, the high number of arthropods found in river edge might be
explained by the considerably higher number and nutritive value of plant taxa
growing in richer soils. Other possible reasons might include different plant
species chemistry due to more stressful conditions (dryness, wind, etc.) in
floodplain forests and thus increase/decrease number of herbivores. Higher
fruit production in floodplain of Manu river (Foster 1990) may contribute to a
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higher number of arthropods hiding during day in dead-leaf clumps (nocturnal
species that feed on fruits).
In addition, if the degree of bird species packing is related to
productivity, then terrace forests (nutrient poor) will support fewer species
than river edge (nutrient rich) forests. As most dead-leaf foragers are
associated with understory or canopy mixed flocks, one would expect to
find flocks with more dead-leaf specialists close to the river edge. In fact,
river edge forests have more dead-leaf foragers in mixed flocks (5 in
understory and 5 to 6 species in canopy flocks) than terrace forests (2 in
understory, 2 to 3 in canopy flocks) (Rosenberg 1990b, Servat pers. obs.).
It can be argued that some other factors, such as seasonality, may
affect results of this study (Wolda 1978). Thus, it will be important to know
how the dynamics of dead-leaf clumps, as well as arthropod turnover in this
substrate, particularly in abundance of taxa and trophic groups, vary
seasonally. However, data from four seasons in two consecutive years in a
locality in the Napo River (Ecuador) show no variation in taxa composition or
abundance with exception of Diptera (Erwin unpubl. data). Also, Boinski and
Fowler (1989) found that arthropods in dead-leaf clumps did not decrease
during mid-wet season when other arthropods may be limiting to their
predators; they determined that dead-leaf clumps were the least seasonal of
tropical forests substrates.
Diel activity of arthropods is particularly dynamic and may affect the
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composition of arthropods in dead-leaf clumps. Some groups, for example
scavengers, may live and breed in dead-leaf clumps, moving only to colonize
a new clump when the old one deteriorates. Other groups, such as
herbivores, only may use the clump for hiding during non-feeding times (day
or night depending on the taxon). The significance of this is that the
arthropod food resource for visiting vertebrates is dynamic and will present a
different composition depending upon time of visit of the predator. Still other
factors such as dead-leaf clump structure, leaf fall pattern, clump size, or
affect may enhance abundance and diversity of arthropods, but have yet to
be addressed.
In this study, no differences in taxa or guild abundance, composition,
or size classes were found when different sizes of leaves were compared. A
possible explanation for this is that at the level at which I determined OTU's,
i.e., above the level of species, differences were masked. Determination of
arthropod taxa at the species level may show differences among leaf size or
condition, but there is no indication that bird predators are so specialized
that they select prey items at the species level.
The dead-leaf system provides for abundant and highly predictable
resources (Greenberg 1987, Boinski and Fowler 1989, Rosenberg 1990b,
Erwin unpubl. data). This predictability may have helped to promote foraging
specialization among birds. An obvious consequence of specialization is the
vulnerability to a decrease in resource abundance or availability.
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Accumulation of dead-leaf clumps depends on the structure of the forest
(vines, etc.). Thus, the whole arthropod community, as well as bird species
that depend on this system, may be highly vulnerable to human-induced
disturbances such as selective logging. Management policies that change
forest structure and, thus, availability and types of foraging substrates, will
likely indirectly affect the composition of the avifauna. Some species might
benefit, but only at the expense of others; species richness might not
change but a different avifauna will appear. Knowing how birds forage
provides information with which we can predict the kinds of changes that
are likely to follow management practices. The application of this knowledge
to management should help mitigate adverse effects.
Finally, this study is limited in scope as it summarizes data only from
the dry season, yet it contributes to our understanding of habitat
heterogeneity in arthropod communities of suspended dead-leaf clumps.
Moreover, information on arthropod resource availability is critical to
explaining habitat selection by birds. Further studies should examine whether
these patterns hold across seasonal, latitudinal, and altitudinal gradients.

20

Table 1.1.- Description of dead-leaf samples included in the analysis. RbS01
RbL06 = fogging samples from river edge forest, TfS01-TfL06 = fogging
samples from terrace forest, S = small, M = medium, and L = large leaf
clumps.

Height

Size

(m)

Volume

Taxa

(m3)

(Total #)

Individuals
(Total #)

•

River edge forest:
RbS01

4.0

S

1

79

4943

RbS02

4.0

S

1

73

5723

RbM03

2.5

M

1

78

4330

RbM04

2.5

M

1

69

16692

RbL05

3.0

L

1

76

3264

RbL06

2.0

L

1

63

2890

Total

3.0

6

96

37842

Terrace forest:
TfS01

7.0

S

2

61

4793

TfS02

6.0

S

2

74

6621

TfM03

6.0

M

3

70

4481

TfM04

4.0

M

2

63

1901
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Table 1.1.- (Cont.)

Height

Size

(m)

Volume

Taxa

(m3)

(Total #)

Individuals
(Total #)

Terrace forest:
TfL05

6.0

L

3

52

4539

TfL06

4.0

. L

3

63

2178

Total

5.5

15

89

24513

21

102

62355

Combined Total
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Table 1.2.- Abundance of selected taxa (per m 3 ) in fogging samples from
river edge and terrace forest. Mean (_+ SD) number of arthropods of deadleaf clumps are shown. Results of t-tests (t) or Mann Whitney (U) tests are
shown (n = 12).

Order

ARACHNIDA

Taxa

Araneida
Pseudoscorpionida

T-test or

P <

River edqe

Terrace

Mean _+_ SD

Mean +_ SD

U-test

179.3 +.111.8

70.2 i 34.8

t = 2.3

0.05

40.7 ± 24.5

10.2 +_ 7.7

t = 2.9

0.05

915.0 _+ 1697

45.3 ± 13.8

U = 33.0

0.02

14.2 +_ 6.9

12.8 ± 9.3

Gryllidae

41.0 +_ 19.9

19.3 _+ 11.0

t = 2.3

0.05

Blattidae

108.8 _+ 56.0

68.2 ±_ 59.4

t = 1.2

NS

87.5 +. 59.0

18.8 +. 8.0

t = 2.8

0.05

26.7 ± 14.3

7.7 jf 10.5

U = 4.5

0.05

BLATTODEA

THYSANOPTERA Thysanoptera

o

Tettigoniidae

CO

ORTHOPTERA

II

Psocoptera

i-»

PSOCOPTERA

NS

HEMIPTERA

Berytidae

HOMOPTERA

Cicadellidae

129.5 +.74.5

68.5 _+ 61.2

U = 26.0

NS

Fulgoridae

67.8 +_ 41.9

30.5 +. 13.4

t = 2.1

0.10

Curculionidae

50.8 ± 34.2

32.5 +. 22.4

U = 25.0

NS

Chrysomelidae

55.0 +_ 41.8

20.2 +. 13.4

t = 1.9

0.10

Staphylinidae

37.7 _+ 17.2

32.2 +.21.0

t = 0.5

NS

Phalacridae

50.7 +. 32.0

19.7 ± 8.6

U = 32.0

0.03

Coccinellidae

24.5 _+ 12.3

5.8 jf 1.9

t = 3.7

0.05

Nematocera

36.2 ± 23.5

16.0 +_ 8.3

U = 27.5

NS

COLEOPTERA

DIPTERA
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Table 1.2.- (Cont.)

Order

Taxa

T-test or

River edqe

Terrace

Mean _+_ SD

Mean _+ SD

U-test

P <

DIPTERA

Cyclorhapha

16.5 ± 9.6

28.0 ± 19.7

t = -1.3

NS

HYMENOPTERA

Parasitic wasps

74.3 ± 46.6

49.0 jf 28.8

U = 24.0

NS

3910 _+ 3188

1405 +_ 2131

U = 31.0

0.05

90.2 ± 27.5

28.8 +. 8.1

t = 5.2

0.01

Formicidaq
LARVAE

Larvae

NS = not significant, P > 0.10
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Table 1.3.- Abundance of trophic groups between forest types. Mean (_+_
SD) per m3 of dead-leaf clump are given (n = 12). The non-feeding guild (2
taxa, n = 5) has been excluded.

River edge

Guild

Taxa Indiv.

Mean +_ SD

Terrace

Mean +_ SD

Indiv.

(No.)

(No.)

19

837

139.7 ± 26.5

t = 3.63

0.01

426.7 +. 75.9

29

1288

214.8 ± 36.3

t = 2.52

0.03

65

10.8 ± 13.4

3

16

2.7+0.8

t = 1.49

0.1

12

559

93.2 ± 46.9

13

261

43.5 _+ 15.5

t = 2.46

0.03

2

63

2

6

1.0 ± 0.9

U = 36.0

0.01

Scavengers 13

819

136.5 ± 91.4

12

268

44.5 ± 22.2

t = 2.39

0.04

Blood-suckers 1

217

36.2 ± 23.5

1

96

16.0 ± 8.3

t = 1.98

NS

Omnivoresc

7 1620

270.0 +. 99.6

5

936

156.0 ± 76.5

t = 2.22

0.05

Parasitoids

1

453

75.5 +. 46.9

1

333

55.5 ± 39.1

U = 24.0

NS

(No. ) (No.)

Predators®

22 2081 346.0 _+ 123.9

Herbivores

32 2560

Wood-eatersb 3
Fungivores
Detritivores

10.5 _+ 7.1

NS = not significant, P > 0.10
8

= Formicidae and Acari excluded

b

= Isoptera excluded

c

= Psocoptera and Collembola excluded
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T-test/

P <

Taxa

U-test

Figure 1.1.- Site of Bioiat Biological Station (shaded area). Rio Manu,
Pakitza, Peru (11°56'47"S, 71°17'00"W, 356 m elevation).
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Figure 1.2.- Trail system at Pakitza showing distribution of forest types
considered in this study. Hatched area (diagonals right) = terrace forest,
stippled area = river edge forest. Dots represent places where fogging
samples were collected. Pacal Trail: RbS01, RbS02, RbM03, RbL05, RbL06,
09/25/91; Zungaro Trail: RbM04, 09/26/91; Tachigalli Trail: TfS02,
09/22/91; TfL06, 09/28/91; TfS01, TfM04, 09/30/91; TfM03, TfL05,
06/23/93;
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Figure 1.3.- Results of cluster analysis comparing arthropod composition of
fogging samples of dead-leaf clumps in river edge forest (RSI - RL6) and
terrace forest (TS1 - TL6). The dendrogram was made using Sorensen's
coefficient of similarity and UPGMA (unweighted pair-group method). S, M,
and L indicate clumps composed of small, medium, and large leaves,
respectively.

30

a

o*

o
m
o
CO
O

h

m
^ en c\j co ?} J
T- OVJ oq
co
in _j _i 2.Q :co, ~ h " h " h " l ~
Q:a:crcrQ^

31

Figure 1.4.- Percent of selected taxa (excluded Formicidae and Psocoptera)
in river edge and terrace forests (a) and clumps composed by small, medium,
or large leaves (b). Ar = Araneida, Ci = Cicadellidae, Bl = Blattidae, La =
larvae, Th = Thysanoptera, Pa = parasitic wasps, Fu = Fulgoridae, Ch =
Chrysomelidae, Ph = Phalacridae, Cu = Curculionidae, Ps =
Pseudoescorpionidae, Gr = Gryllidae, St = Staphylinidae, Ne =
Nematocera, Be = Berytidae, Co = Coccinellidae, Cy = Cyclorhapha, Te =
Tettigoniidae.
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Figure 1.5.- Percent of arthropods in different guilds from samples collected
in (a) river edge and terrace forests and (b) clumps composed of small,
medium, or large leaves, he = herbivores, pr = predators, om = omnivores,
sc = scavengers, fu = fungivores, pa = parasitoids, bs = blood suckers,
we = wood eaters, de = detritivores.
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Figure 1.6.- Percent of arthropods in different size classes from samples
collected in river edge and terrace forests.
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Terrace

River edge
Forest type
0.1-4.99 mm

5.0-9.99 mm
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>10.0 mm

Appendix 1.1.- Operational Taxonomic Units (OTUs) found in suspended
dead-leaves, grouped by degree of morphological variation and trophic
categories. Coleoptera families separated by / counted as one taxon.

I.- Little or no morphological or trophic variation within group
Chilopoda

Thysanura

Collembola

Ephemeroptera

Odonata"

Isoptera"

Dermaptera

Embioptera

Plecoptera"

Psocoptera

Thysanoptera

Neuroptera

Trichoptera"

Lepidoptera

Larvae

II.- Morphological variation within inclusive taxon, without trophic variation.
Arachnida

Homoptera

Araneida

Cicadellidae

Acari

Membracidae

Scorpionida"

Fulgoridae

Pseudoescorpionida Aleyrodidae

III.- Morphological and trophic variation within inclusive taxon
Diptera

Hymenoptera

Blattodea

Orthoptera

Nematocera

Parasitic wasps

Blattidae

Tetrigidae"

Brachycera

Vespoidea*

Acrididae

Cyclorhapha

Apoidea"

Tettigoniidae

Formicidae

Gryllidae

Sphecidae'

Phasmatidae
Mantidae
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Appendix 1.1(Cont.)

III.- Morphological and trophic variation within inclusive tax on
Hemiptera

Coleoptera

Ligaeidae

Alleculidae

Hydrophilidae*

Cryptophagidae/Biphyllidae

Nabidae

Anobiidae

Lagriidae

Aderidae/Anthicidae

Reduvidae

Anthribidae

Languridae

Cucujidae/Laemophloeidae

Tingidae

Bothrideridae

Lathridiidae

Phalacridae/Corylophidae

Aradidae

Buprestidae

Lampyridae*

Pselaphidae/Scydmaenidae

Berytidae

Bruchidae

Monnomidae

Scolytidae/Ciidae

Coreidae

Ceratocanthidae Melandryidae

Leioidae6

Pentatomidae

Chrysomelidae

Mordellidae

Histeridaeb

Anthocoridae

Cerylonidae

Mycteridae

Trogossitidae

Dypsocoridae

Cleridae

Nilionidae

Eucinetidae

Miridae

Cantharidaeb

Nitidulidae

Tenebrionidae

Largidae"

Coccinellidae

Oedemeridae

Staphylinidae

Ropalinaeb

Colydiidae"

Ptiliidae

Elateridae

Cerambycidae

Ptilodactylidae

Silvanidae

Carabidae

Scirtidae

Erotylidae

Derodontidae"

Scaphidiidae

Endomychidae

Salpingidae*

Scraptiidae

Curculionidae/Attelabidae/Apioninae

• = only found in river edge forest.

b

= only found in tenace forest.
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Appendix 1.2.- Guild assignments of all taxa found in suspended dead-leaf
clumps.

Predators (26 taxa): kill and eat animals, most active by night

Acari

Odonata

Neuroptera

Histeridae

Reduvidae

Nabidae

Pseudoescorpionida

Brachycera

Mycteridae

Scorpion

Vespoidea

Staphylinidae

Araneida

Trogossitidae

Bothrideridae

Anthocoridae

Cantharidae

Chilopoda

Carabidae

Formicidae

Cleridae

Mantidae

Salpingidae

Coccinellidae

Colydiidae

Cucujidae/Laemophloeidae

Blood suckers (1 taxon): only blood from vertebrates, active day or night

Nematocera
Parasitoids (1 group): in or on other living animals, most active by day*

Parasitic wasps (Chalcididae, Evanoidea, Ichneumonoidea, Scoliidae)
Scavengers (13 taxa): dead animal matter, more active by night

Dermaptera

Thysanoptera

Ceratocanthidae

Elateridae

Aderidae/Anthicidae

Anobiidae

Melandryidae

Monommidae

Scirtidae

Scraptiidae

Silvanidae

Tenebrionidae

Hydrophylidae
Herbivores (33 taxa): any part of plant (leaves, pollen, nectar, phloem suckers), active day
or night

Berytidae

Alleculidae

Acrididae

Endomychidae

* Parasitoids were grouped together by their behavior in searching for a host due to the
lack of information on feeding habits of adults.
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Appendix 1.2.- (continued)

Herbivores (33 taxa): any part of plant (leaves, pollen, nectar, phloem suckers), active day
or night

Cicadellidae

Nilionidae

Coreidae

Bruchidae

Dypsocoridae

Largidae

Membracidae

Lampyridae

Pentatomidae

Phasmatidae

Ropalinae

Chrysomelidae

Tettigoniidae

Lagriidae

Tetrigidae

Ptilodactylidae

Tingidae

Mordellidae

Thysanura

Languriidae

Apoidea

Oedemeridae

Lepidoptera

Aleyrodidae

Fulgoridae

Miridae

Trichoptera

Sphecidae

Curculionidae/Attelabidae/Apioninae
Wood eaters (4 taxa): wood and bark of trees, active day or night

Anthribidae

Buprestidae

Cerambycidae

Isoptera

Fungivores (13 taxa): only fungi, active day or night

Cerylonidae

Erotylidae

Eucinetidae

Lathridiidae

Nitidulidae

Ptiliinae

Scaphidiinae

Derodontidae

Phalacridae/Corylophidae

Leioidae

Scolytinae/Ciidae

Biphyllidae/Cryptophagidae

Pselaphidae/Scydmaenidae

Detritivores (2 taxa): dead vegetable matter, activity not known

Aradidae

Embioptera

Omnivores (7 taxa): animal and vegetal matter dead or alive, active day or night

Blattidae

Collembola

Gryllidae

Psocoptera

Cyclorhapha

Larvae

Non-feeding (2 taxa): non feeding adults, active day or night

Ephemeroptera

Plecoptera

Ligaeidae

CHAPTER II
RESOURCE USE BY TWO SPECIES OF Automolus (AVES: FURNARIIDAE)
INTRODUCTION
A common and pivotal theme in the study of community ecology is the
relationship between animals and their food resources (Lack 1954, Watson
1970, Morse 1980, Tilman 1982) or, more particularly, how resources are
shared among species. According to Gause (1934), and the principle of
competitive exclusion, when resources are limited species using the same
set of resources cannot coexist at equilibrium. Early theories on resource
allocation and limiting similarity (MacArthur and Levins 1964, 1967, Levins
1968, MacArthur 1970, May and MacArthur 1972, Roughgarden 1974)
assumed that species competed for resources; such resources occurred
along a continuum in which species segregated. Degree of specialization or
extent of segregation depended upon the similarity of resources and their
abundances. These early models, however, rest on the premise that
communities are at equilibrium. Thus they may not apply to non-equilibrium
communities. Moreover, the models assume that overlap in resource use
translates directly to competitive effects. Alternatively, it has been proposed
that if resources are superabundant, overlap may be high without fostering
competition (Colwell and Futuyma 1971, Wiens 1977, Pianka 1981). Also,
overlap might decrease when resources are scarce if different species
specialize on resources that they use most efficiently, quite independently of
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any competitive effects (Pulliam 1986).
Optimal foraging theory (Emlen 1966, MacArthur and Pianka 1966)
predicts (again under the assumption that species compete for resources)
that when resources are abundant and temporally predictable, specialization
will be favored, but when resources are unpredictable, generalist feeders
would be at an advantage. Furthermore, as species specialize on particular
food resources, more species can co-exist and community diversity will
increase. In contrast, if generalists dominated the available resources, there
would be fewer opportunities for co-existence and diversity would decrease.
Foraging specialization by habitat or forest type, by substrate (feeding site),
or by food item is often assumed to be profitable (i.e., foraging decisions
that meet or satisfy more life requirements). Profitable resources will be
selected and species are expected to be adapted to exploit efficiently
specific foraging substrates.
High species diversity in tropical forests occurs both regionally as well
as within forest sites. For example, 319 bird species can be found in a 97 ha
study site in a lowland floodplain forest in the Amazon basin of Peru; point
diversities may reach 190 species (Terborgh et al. 1990). Such point
diversities exceed the highest of those of any uniform habitat in North
America by at least 300% (Terborgh et al. 1990). These tropical-temperate
differences partially are attributed to increased foraging specialization among
tropical birds (Schoener 1968, Orians 1969, Karr 1971, 1976, Terborgh
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1980, Remsen 1985).
In particular, substrate specialization [e.g., bamboo thickets (Parker
1982), epiphytes (Sillet 1994)] has been proposed as an explanation for high
bird species diversity in tropical forests. Dead-leaves suspended in
vegetation above the forest floor constitute another focal substrate that may
promote specialization (Gradwohl and Greenberg 1982, Remsen and Parker
1984, Rosenberg 1990a, b). Dead-leaf clumps are discrete foraging sites
that are visited by a relatively large number of bird species. In a study site in
Amazonia, at least 16 species of birds (11% of all insectivorous birds at this
site) are closely associated with this system (Munn and Terborgh 1979,
Remsen and Parker 1984, Munn 1985, Rosenberg 1990a, b). Eleven of the
16 species (in the Furnariidae and Formicariidae families) are highly
specialized foragers at this substrate, according to the classification of
Remsen and Parker (1984). Remsen and Parker grouped dead-leaf searchers
into three categories based on the proportion of time birds spent feeding in
this substrate: "specialists" spent more than 75% of the time searching
dead leaves; "regular users" spent 25 - 75% of the time; and "occasional
users" used dead leaves less than 25% of the time.
Most studies on bird foraging have focused on behavior, which is
easier to quantify than actual diet. The assumption behind foraging behavior
studies is that behavioral differences will reflect differences in the way birds
encounter prey (MacArthur 1958, 1972, Hespenheide 1975). Robinson and
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Holmes (1982), in their study of insectivorous birds in a northern deciduous
forest, found that species-specific searching tactics and prey distribution
produced differences in diet. These results also suggest that specialized
behaviors might affect a bird's access to other prey and limit its exposure
toward certain prey types. Although observations of foraging behavior are
informative, questions that relate to the survival and success of an individual
bird to resource use and specialization can not be answered simply by
making observations but also require the study of the diet. Selection of food
reflects the evolutionary history of the species as well as current ecological
conditions (Morrison et al. 1992). Thus, other factors, such as predation and
competition with other species may cause differences in foraging behavior.
Due to the difficulty of sampling resources (Chapter I), few studies
have actually compared selection of food resources (e.g., arthropods, fruits)
with availability (Gradwohl and Greenberg 1980, Greenberg 1987, Loiselle
and Blake 1990, Rosenberg 1990a, Sillet 1994). This study looks at
resource use by two congeneric species that are "specialists" on suspended
dead-leaf clumps [following Remsen and Parker (1984) classification]:
Automolus rufioileatus and Automolus ochrolaemus. These two species
segregate by habitat type (river edge vs. terrace forests, respectively).
Moreover, when they do overlap in space, aggressive interactions occur and
result in vertical foraging stratification or spatial separation (T. Parker pers.
comm., Rosenberg 1990b). The observation that these two species
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segregate by habitat but specialize on the same foraging substrate leads to
the main question of this study: Is composition of arthropod taxa in the diet
of these two species similar (as predicted by their use of the same foraging
substrate) or different (as predicted by habitat use)?
The composition of prey included in the diet of these two Automolus
species is likely a function of availability of arthropods within dead leaf
clumps and the particular foraging maneuvers used by these birds.
Preliminary data indicate that the composition of arthropods available in
dead-leaf clumps of river edge and terrace forest do not vary greatly,
although more arthropods are available per unit volume in the former forest
(Chapter I). Consequently, if diet differs between the two specialized
Automolus. it is more likely a result of foraging maneuvers at dead-leaf
clumps that result in differences in prey captures. I also selected a
congeneric species, A. rubiqinosus, to help interpret the relative importance
of prey availability, habitat, and foraging behavior to diets of these foraging
specialists. A. rubiqinosus. a morphologically similar species, coexists in
terrace forest with A. ochrolaemus but only feeds opportunistically in deadleaf clumps [less than 25% of time searching dead-leaves according to
Remsen and Parker (1984) classification], this species forages in dense
tangles very close to the ground, sometimes in the ground itself (Ridgely and
Tudor 1994). The prediction is that if diets of A. ochrolaemus and A.
rubiqinosus are more similar, then segregation of the two specialists (A.
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rufipileatus and A. ochrolaemus) might be driven by differences in prey
abundance in each habitat.
in this study, I examine the degree of foraging specialization and
resource partitioning by the two specialists by comparing resource use to
quantitative data on availability of those resources (Chapter I). In particular, I
address the following questions:
1 H o w d o t h e d i e t s o f t w o s u b s t r a t e s p e c i a l i s t s ( A . rufipileatus and
A. ochrolaemus) compare to each other and to that of a non-specialist
(Automolus rubiainosus) in terms of taxonomic (or trophic group)
composition, number, and size of prey items?
2.- Do specialists preferentially select certain prey from the array of all
arthropods present in the dead-leaf substrate? If so, do they differ in their
selection?
Some definitions are important at this point. "Specialists" are those
species with highly stereotyped behavior that restrict searching to the deadleaf substrate. "Resources" in this study are considered to be potential
resources, i.e., all arthropods found in the dead leaf substrate, many of
which might not necessarily be consumed. "Availability" (Wolda 1990) is
the abundance of potential prey items in microhabitats used by an
insectivore when searching for food. "Abundance" refers to the number or
quantity of arthropods present in the substrate (Johnson 1980). "Selection"
or "preference" indicates that proportional use by bird is greater than its
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proportional availability in the substrate.
METHODS
Bird species.- Members of the Furnariidae (ovenbirds), a large and
diverse neotropical family, have radiated into a variety of niches and
habitats, from lowland to montane forests (ground to canopy), as well as
grasslands, rocky areas, meadows, marshes and shoreline (Ridgely and
Tudor 1994). Members of the genus Automolus are fairly large ovenbirds
(18.0 - 19.5 cm, 34.0 - 38.0 gr), with stout bills, that occur in the
understory or subcanopy of lowland humid forests. At Pakitza, Peru, six
species of Automolus have been reported (Servat, in press); four are
associated with dead-leaves suspended in the understory (Remsen and
Parker 1984, Rosenberg 1990b).
Study site.- Observations of foraging behavior and habitat segregation
were made at Pakitza in the Reserve Zone of Manu National Park, in the
Department of Madre de Dios, Peru (11° 55'48"S, 71° 15'18"W, 356 m), an
area of approximately 4,000 ha accessed by about 36 km of trails
established under the direction of the BIOLAT (Biodiversity in Latinamerica,
Smithsonian Institution) Program (Fig. 1.1). At Pakitza, there are two distinct
seasons: the dry season from May to October (T° = 21 °C min, 28 °C max,
Pp = 160 mm/month) and wet season from November to April (T° = 22 °C
min, 28 °C max, Pp = 340 mm/month) (Erwin 1991).
Seven types of forest and four types of open areas have been
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described as habitats for birds at this locality (Servat, in press). The two
most extensive forest types are "terrace" and "river edge" (Fig. 1.2).
A. rufipileatus is found primarily in river edge forest where emergent
trees of Ceiba (Bombacaceae), Diptervx and Ervthrina (Leguminosae),
Cecropia and Ficus (Moraceae) are common. Thickets of bamboo (Guadua
weberbauerii) cover the understory in some places. Early successional stages
appear where landslides have occurred, such as along Cana Brava Trail (Fig.
2.1). Where periodic flooding creates a floodplain, dominant genera are
Gvnerium (Graminae) and Iriartea (Palmae). River edge forest is well
represented along the Pacal and Cana Brava trails, as well as in Zone 7 (Fig.

2.1).
A. ochrolaemus and A. rubiainosus are found on old alluvial terraces
away from the main river (i.e., terrace forest, also called transitional). These
terraces are often dissected by small streams and have well drained sandy
soils. Vegetation is dominated by the genus Rinorea (mainly R. quianensis)
(Violaceae) and many palms of the genera Iriartea, Astrocarvum. and
Socratea, among others. The understory sometimes contains bamboo
stands. Terrace forests are well represented in Zone 1 along the Tachigali
Trail (Fig. 2.1).
Diet analysis.- Stomach contents (n = 7, A. rufipileatus; n = 24, A.
ochrolaemus; n = 10, A. rubiainosus) from birds collected during the dry
season at Pakitza or other localities in Manu National Park were obtained
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from museum collections [Museo de Historia Natural de la Universidad
Nacional Mayor de San Marcos, Lima - Peru (MUSM), Field Museum of
Natural History (FMNH)] (Appendix 2.1). All arthropod fragments were
sorted, mounted (see Servat 1993) and identified to Order and OTU level
(Operational Taxonomic Units, see Chapter I) under a dissecting microscope.
I determined number of individuals for each OTU from the number of heads,
mandibles, fangs, cephalothoraces, elytra, wings, legs, and other
recognizable parts (Servat 1993). The length of these parts was measured
using a video measuring device (DIAS: Digital Image Analysis System,
Version 1.01, 1993, C-squared Corporation) connected to an Olympus zoom
stereo-dissecting microscope (Model SZH). Arthropods were assigned to one
of two size categories (1 = 0.1 - 5.00 mm, 2 = _> 5.00 mm), and to one
of seven trophic groups based on primary food habits, using personal
observations and available literature (CSIRO 1970, Erwin 1980, Stork 1987,
Borror et. al. 1992). Trophic groups used were: predators, herbivores,
scavengers, omnivores, wood eaters, fungivores, and parasites (for taxa
assignments see Chapter I).
Arthropods as resources.-1 determined abundance and composition of
arthropods found in suspended dead-leaf clumps. Fogging samples (see
Chapter I) were collected during the dry season in both terrace (n = 6 deadleaf clumps) and river edge forest (n = 6 dead-leaf clumps). From these
samples, I determined abundance and distribution of taxa, trophic groups.
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and size classes (See Chapter I for full description of methods and results).
Analysis of data.- Cumulative number of arthropod taxa in the diet of
each bird species was plotted against number of stomachs to construct
species accumulation curves. I fitted accumulation curves to linear
regression functions using both natural log-transformations and nontransformed variables.
Accumulation curves were used to both evaluate sample size needed
to adequately describe diets of birds and to compare slopes (using t-tests f
Zar 1984) of arthropod taxa accumulation among the three species of
Automolus. When comparing species accumulation curves among bird
species, I used the lowest number of stomach samples (n = 7) to reduce
bias due to different sample size.
All variables were tested for normality (Wilk-Shapiro test) and equality
of variances (Bartlett's test) prior to statistical comparison. Non-parametric
tests were used for variables that did not meet assumptions of normality,
even after transformations. In all cases, the null hypothesis tested was that
there were no differences in abundance or distribution of arthropod taxa in
the diets of the three species of Automolus. I used Kruskal-Wallis (nonparametric analysis of variance) tests to determine if significant differences
in taxa abundance existed among the three species of birds.
Chi-square tests of independence and G-tests were used to compare
distribution of taxa, trophic groups and size classes among diets of the three
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bird species. Categories were excluded if expected cell frequencies did not
meet assumptions of these tests.
Degree of diet overlap among the three species was calculated using
general and specific niche overlap indices (Petraitis 1979) and SPOVRLAP
Program (Ludwig and Reynolds 1988). The general hypothesis was that
there was complete overlap in selection of prey items by the three species of
birds. The general overlap measurement is based on the likelihood that the
resource utilization curve (type and abundance of prey items) of one species
is identical to that of another species. This is tested by computing the test
statistics (V ) as V = -2T In GO, T = total number of prey items, GO =
general overlap measure. If V exceeds the critical value of chi-square test at
P = 0.05, then the null hypothesis of complete overlap is rejected. Specific
overlap is also based on comparison of utilization curves but the amount of
specific overlap is the probability that the utilization curve of a certain
species could have been drawn from another species utilization curve. To
test the hypothesis, the log-likelihood ratio (W) is computed as W = N, In
(SO ik /SO im ), where N = total number of prey items in the diet of the
species, SO = specific overlap, i = species 1, k = species 2, m = species
3. If W > 2 then specific overlap of species i onto k is greater than the
overlap of species i onto species m.
Jacob's Electivity Index (Jacobs 1974) was used to evaluate use of
arthropod taxa by A. rufioileatus and A. ochrolaemus in relation to
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availability (= abundance) in river edge and terrace forest (Loiselle and Blake
1990). Results are discussed in terms of arthropod size, appearance
(cryptic/non cryptic), and activity (diurnal/nocturnal).
RESULTS
The diets of the three species of Automolus were similar in terms of
orders represented and average number of individuals included within
stomachs (Table 2.1). The diet of A. rufipileatus was composed of 15 taxa;
7.7% of which could not be identified with confidence. A. ochrolaemus's
diet was composed of 24 taxa; 6.9% fragments were not identified. The
diet of A. rubioinosus contained 18 taxa; 6.3% non-identifiable. The mean
number of items occurring in a single stomach for all species combined was
11.0 (SD = _+_ 1.9) individuals (Table 2.1).
Diet Composition
Sample size.- New arthropod taxa (at order and OTU levels of
identification) still were being added to the diets of these birds in all cases,
even after 24 stomach contents were analyzed in A. ochrolaemus (Fig. 2.2).
Indeed, there was no evidence that an asymptote was being approached for
either Order or OTU's, as significant linear regressions (untransformed) (R 2
> 0 90 P < 0.05) were found using either cumulative number of Orders or
OTU's as response variable and number of stomachs as the predictor.
Accumulation curves.- If A. rubioinosus, the non-specialist, feeds
opportunistically, and assuming that more arthropods taxa will be available
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for this species, I predict that diet diversity should increase more rapidly
(i.e., higher slope) than for the two specialist species. To test my prediction,
I compared slopes of accumulation curves of arthropod taxa identified to
Order and OTU levels for the three species of Automolus using equal sample
sizes (n = 7 stomachs). As predicted, slopes of the accumulation curves
using arthropod orders were significantly higher for A. rubiqinosus when
compared to A. rufipileatus (t = 2.37, P < 0.05, 12 df) or to A.
ochrolaemus (t = 2.19, P < 0.05, 12 df) (Fig. 2.3a). Similarly, higher
slopes occurred when comparing OTU levels between A. rubiqinosus - A.
ochrolaemus (t = 31.01, P < 0.001, 12 df). However, no differences in
slopes at the OTU level of identification were found between A. rubiqinosus
and A. rufipileatus (t = 1.01, P > 0.05, 12 df) (Fig. 2.3b).
Abundance and distribution of taxa.- When mean number of prey items
per stomach was compared among three bird species, no differences were
found (H 0 05.7.24.10 =

1-19' p > 0 05)

< Tab,e 2 - 1 >- Similarly, no differences

were found in mean number of taxa per stomach ( H 005 7 2 4, io

=

0.19, P >

0.8).
When taxa were examined separately, differences in mean number of
individuals in the diets of the three species of Automolus were noted for
Orthoptera and larvae (Table 2.1). No differences, however, were found for
Formicidae due to large variation in occurrence in diet.
Relative distribution of prey items differed among the three bird
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species ix 2 = 92.5, P < 0.001). Certain taxa, such as Tettigoniidae and
Araneida were relatively more important in the diet of A. ochrolaemus.
whereas Tettigoniidae and Coleoptera (Curculionidae) were more important
in the diet of A. rufipileatus, and Formicidae in the diet of A. rubiqinosus
(Fig. 2.4).
Guild composition of prey.- Seven guilds were found in the diets of
Automolus: predators, herbivores, scavengers, omnivores, wood eaters,
fungivores, and parasitoids. With the exception of parasitoids that only
occurred in the diet of A. ochrolaemus. all guilds were found in the diets of
the three bird species. The distribution of prey items within trophic
categories, however, differed in the diets of the three species of Automolus
(G-test = 54.9, P < 0.001, 12 df) (Fig. 2.5). When ants were removed
from the predator category though, no differences in distribution were found
(G-test = 13.3, P > 0.05, 12 df).
Size of prey items.- In general more large prey items occurred in
stomachs of A. rufipileatus and A. ochrolaemus when compared to A.
rubiqinosus U 2 = 29.18, P < 0.001, 2 df) (Fig. 2.6). These differences held
even when ants where removed from the analysis Of 2 = 6.26, P < 0.05, 2
df).
Diet Overlap and Selectivity
General diet overlap for the three species of Automolus was high (GO
= 0.870) (including 8 taxa: Formicidae, Tettigoniidae, Araneida, Coleoptera,
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Pentatomidae, Blattidae, and larvae) but far from complete (V = 110.3, with
the critical value of

x2

= 23.7, P < 0.05, 14 df). The specific overlap

values for each species pair, however, were considerable lower (Table 2.2).
Log likelihood ratio calculations (W) indicated that the specialists (A.
rufipileatus and /V. ochrolaemus) overlapped more in their diet than did either
of those two species with the non-specialist (A. rubiqinosus) (Table 2.2).
To determine if certain arthropod taxa occurred more in the diets of
specialists than expected based on their availability, I compared abundance
of taxa found in diet with abundance from fogging samples. For this
analysis, I selected the 20 most abundant taxa from fogging samples.
Results indicate that specialists selected and avoided similar prey items from
dead-leaf substrates. A. rufipileatus and A. ochrolaemus preferentially fed on
Araneida, Chrysomelidae, Curculionidae, Tettigoniidae, Tenebrionidae,
Carabidae, Cerambycidae, Ceratocanthidae, Pentatomidae and Erotylidae
(Jacob's index = 0.16 - 0.80), and avoided Formicidae, Cicadellidae,
Thysanoptera, Fulgoridae, Nematocera, Berytidae, Cyclorhapha, parasitic
wasps, Psocoptera, and Coccinellidae (Jacob's Index = -0.16 - -0.80) (Fig.
2.7a, b). The main difference in prey selection involved Blattidae and larvae
(Fig. 2.7a, b).
DISCUSSION
Results indicate that differences in diet among Automolus species
were driven by foraging specialization in dead leaf clumps and not habitat
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per se. Diets of the two specialists were similar, although they selected prey
items nonrandomly (large, abundant, and hiding in the substrate), and they
differed from that of the non-specialist.
Segregation by habitat type might be the result of displacement of one
of the species due to presence of another species exploiting the same
substrate and resources. Indeed, aggressive interactions that occur when
they do overlap in space result in vertical foraging stratification or spatial
separation as reported by Parker (pers. comm.) and Rosenberg (1990b).
For species interactions (e.g., competition) to play an important role in
the separation of the two species, resources should be limiting. Arthropod
resources in this substrate are abundant and highly reliable (Chapter I), but it
is possible that the number of dead-leaf clumps might be limiting.
The items selected by the two specialized species were among the
most abundant in the substrate, but not all abundant taxa were selected. For
example, Fulgoridae, Berytidae, and/or Thysanoptera were not found in the
diet even though large individuals (i.e., J> 5mm) were abundant in both
forest types (Chapter I). Clearly, antipredator traits (Fulgoridae) must also be
considered, along with abundance, when evaluating diet preferences.
Although it may be argued that results are biased in some cases to low
permanence of certain taxa in stomach contents, Fulgoridae and Berytidae
have sclerotized body segments that will likely be detected in diet if they
have been preyed upon. The same can not be said for Thysanoptera,
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although other taxa of soft-bodied arthropods have been found in diet
samples (i.e., Psocoptera and larvae).
A. rufipileatus and A. ochrolaemus showed strong preference for taxa
that hide during the day in dead-leaf clumps (the only exception in this class
is Chrysomelidae, many of which are showy (i.e., non-cryptic and mainly
diurnal]. Formicidae were avoided by both species even though it was the
most abundant taxon in dead leaves. Blattidae and larvae avoidance by A.
ochrolaemus and preference by A. rufipileatus was the main difference
between the two specialists in this system, although the low numbers of
these taxa in the diets suggest that this might be a collecting artifact due to
the low sample size.
Selection of larger available prey would be more profitable in terms of
energy gain. Specialized behavior on larger items likely assures that the cost
of pursuing and handling prey will not be as high. The non-specialist species
(A. rubiainosus) ate more Formicidae and other small arthropods. These
results suggest that A. rubiqinosus feeds opportunistically given that ants
are the most abundant taxon in the dead-leaf substrate [and in nearly every
microhabitat surveyed (Erwin 1983, Adis et. al 1984, Wilson 1987, Tobin
1991)]. Moreover, ants are numerous, active diurnally and, thus, more
conspicuous to diurnal predators. In terms of profitability, ants may
constitute good prey because of the small effort per unit time required for
their capture, given that ants are gregarious, although handling costs per
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unit might be higher. In terms of size, however, although some species of
ants may be large, the ones found in stomachs were small, suggesting low
nutritional content per food item handled (in terms of cuticle/fat ratio).
Selection of ants also suggests that A. rubiqinosus might employ different
searching and prey capture behaviors than its specialist congeners.
Fogging samples used to determine availability of arthropod resources
(Chapter I) and stomach contents gathered from different sources (Chapter
II) were all collected in the same general area at the same elevation
(although exact localities vary). The stomach contents were also collected in
different years (always during the dry season) and this prompts the question
of how valid is the use of these data for assessing selection of prey items by
the species in this study. Although these concerns are valid for many
substrate types that have been shown to vary yearly or seasonally, this
likely is not the case for dead-leaf clumps. Dead-leaf substrates provide more
stable resources throughout the year (Boinski and Fowler 1989, Rosenberg
1990b, Erwin unpubl. data) than other types of resources such as fruits
(Loiselle and Blake 1990), which are usually temporally variable. Abundance
and reliability of arthropod resources supports the hypothesis that this
substrate may have promoted foraging specialization in birds. On the other
hand, analyses of stomach contents showed a very consistent pattern of
selection for each bird species and, thus, I do consider these data valid for
the purposes used here: to determine if these species select certain items or
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whether they feed randomly in the substrate.
This study contributes to the understanding of the level at which
specialization occurs in the Automolus-dead leaf system. Thus, it is helpful
in understanding general patterns of how species coexist, addressing the
main question of why there is more diversity in the tropics.
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Table 2.1.- Number of arthropod taxa and individuals in stomach contents of
three species of Automolus (Furnariidae). Results of Kruskal-Wallis tests (H)
examining differences in mean number of items per stomach among bird
species are shown (mean values, however, not included in this table).
Dashed line indicates that no test was performed due to low occurrence of
individuals.

Arthropod

A. rufipileatus

taxa

(n = 7)

A. ochrolaemus

A. rubiqinosus

(n = 24)

(n = 10)

H005 724 10

P <

ARACHNIDA
5

26

21"

52"

5b

0

2

0

Blattidae

6

6

1

DERMAPTERA

0

1

0

Araneida

1.92

NS

11.4

0.03

5.5

NS

10

2.02

NS

ORTHOPTERA
Tettigoniidae
Gryllidae
BLATTODEA

HEMIPTERA
Pentatomidae

1

COLEOPTERA
Chrysomelidae
Curculionidae

5

13

8

1.20

NS

10

22

11

3.14

NS

5.53

NS

OTHER COLEOPTERA*
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Table 2.1.- (Cont.)

Arthropod

A. rufipileatus

taxa

(n = 7)

A. ochrolaemus
(n = 24)

A. rubiqinosus
(n = 10)

OTHER COLEOPTERA (cont.)
Scarabeidae

1

7

1

Cerambycidae

5

3

2

Elateridae

0

6

0

Carabidae

2

1

1

Erotylidae

1

1

2

Staphylinidae

0

2

1

Ceratocanthidae

1

2

0

Alleculidae

1

0

0

Trogossitidae

0

1

0

Endomychidae

0

1

0

Languriidae

0

1

0

Phalacridae

0

0

1

Lucanidae

0

0

1

Bothrideridae

0

0

1

NEUROPTERA

0

1

1

Formicidae

6

29
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Parasitic wasps

0

2

0

Apoidea

0

2

0

HYMENOPTERA

62

4.36

NS

Table 2.1(Cont.)

Arthropod

A. rufiDileatus
P
II

taxa

A. ochrolaemus
(n = 24)

A. rubiqinosus

P <

(n = 10)

LARVAE

3

2

5

Non-identified

6

15

8

Total taxa

15

25

18

Total indiv.

78

216

127

11.1

9.1

12.8

Mean number

^0.05.7,24,10

6.99

0.03

0.19

NS

1.19

NS

of individuals

NS = not significant, P > 0.10
= includes all Coleoptera except Chrysomelidae and Curculionidae
b

= indicates follow-up test (Tukey) after Kruskal-Wallis
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Table 2.2.- Specific niche overlap (SO) index for each species pair. W =
Log-likelihood ratio (critical value = 2).

Species Pair

SO

1

2

0.855

1

3

0.471

2

1

0.867

2

3

0.538

3

1

0.434

3

2

0.559

W

43.53*

.
97.53*

-30.63

1 = A. rufipileatus, 2 = A. ochrolaemus. 3 = A. rubiqinosus.
* indicates higher overlap
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Figure 2.1- Trail system at Pakitza showing distribution of the three species
of Automolus (Aves: Furnariidae). Hatched area (diagonal right) = A.
ochrolaemus and A. rubiqinosus. stippled area = A. rufipileatus
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Figure 2.2.- Accumulation curves for number of arthropod taxa (identified to
Order and OTU (operational taxonomic units) found in the stomachs of (a) A.
rufipileatus (n = 7), (b) A. ochrolaemus (n = 24), and (c) A. rubiqinosus (n
= 10).
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Figure 2.3.- Accumulation curves of arthropods identified to (a) Order and
(b) OTU levels in stomachs of A. rufjpileatus. A. ochrolaemus. and A.
rubiqinosus. Significant differences were found in the slopes (t-tests) of A.
rubiqinosus when compared with A. rufjpileatus and A. ochrolaemus. Only
seven stomachs randomly selected were used, to reduce bias due to
different sample size.
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S

Figure 2.4.- Percent of prey items in the diet of three species of Automolus
(Furnariidae). Fo = Formicidae, Te = Tettigoniidae, Ar = Araneida, Co =
Coleoptera, Pe = Pentatomidae, Bl = Blattidae, La = larvae, Gr = Gryliidae,
Ne = Neuroptera, He = Reptiles and Amphibians, Ot = other, Ni = nonidentified.
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Figure 2.5.- Percent of arthropods from different guilds found in the stomach
contents of three species of Automolus (Furnariidae). Pr = predators. He =
herbivores, Sc = scavengers, Om = omnivores, We = wood eaters, Fu =
fungivores. Pa = parasitoids, Ni = non-identified.
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Figure 2.6.- Percent of arthropods in two size classes found in diets of three
species of Automolus (Furnariidae).
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Figure 2.7.- Electivity indices (Jacobs 1974) of prey taxa, selected by (a) A.
rufipileatus. and (b) A. ochrolaemus. Bars above zero indicate no preference
(0 - 0.15), moderate preference (0.16 - 0.80), or strong selection of taxa
(0.81 - 1.0). Bars below zero indicate no preference, moderate avoidance, or
strong avoidance. Fo = Formicidae, Ar = Araneida, Ci = Cicadellidae, Bl =
Blattidae, La = larvae, Th = Thysanoptera, Fu = Fulgoridae, Ch =
Chrysomelidae, Cu = Curculionidae, St = Staphylinidae, Ne = Nematocera,
Be = Berytidae, Cy = Cyclorhapha, Te = Tettigoniidae, Tb =
Tenebrionidae, Ca = Carabidae, Cr = Cerambycidae, Cc =
Ceratocanthidae, Pe = Pentatomidae, Er = Erotylidae, Gr = Gryllidae, Pa =
parasitic wasps, Ps = Pseudoscorpionidae, Cn = Coccinellidae. Al =
Alleculidae", El = Elateridae b , Tg = Trogossitidae b , En = Endomychidae b , Nr
= Neuroptera b , De = Dermaptera b , Lg = Languridae b .
rufipileatus,

b

= only in diet of A. ochrolaemus.
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8

= only in diet of A.

Appendix 2.1.- Localities and dates of stomach content samples gathered
from museum collections. AR = Automolus rufipileatus, AO = A.
ochrolaemus. AU = A. rubiainosus. MUSM = Museo de la Universidad
Nacional Mayor de San Marcos, Lima - Peru, FMNH = Field Museum of
Natural History, BLC, GSV, DFS, DW = Initials of collectors (specimens
deposited in museums mentioned above, but without catalog number).
Localities are in Cuzco: (1) Tono, ca. 600 m, and in Madre de Dios: (2)
Hacienda Amazonia, ca. 400 m, (3) Palotoa, ca. 400 m, (4) Pantiacolla, ca.
600 m, (5) Pakitza, ca. 400 m.

Date

Code

Catalog No.

Locality

AR01

MUSM 16546

1

Oct. 10/85

AR02

FMNH 321690

2

Oct. 20/85

AR03

BLC 173

3

Aug. 21/85

AR04

MUSM 14993

5

Oct. 04/90

AR05

MUSM 15509

5

Oct. 15/90

AR06

GSV 742

5

Oct. 15/91

AR07

GSV 720

5

Oct. 18/91

A001

FMNH 321643

3

Aug. 20/85

A002

FMNH 321626

1

Oct. 10/85

79

Appendix 2.1.- (Cont.)

Code

Catalog No.

Locality

AO03

GSV 498

5

Oct. 12/90

AO04

GSV 605

5

Oct. 08/90

A005

MUSM 15516

5

Oct. 14/91

AO06

MUSM 15528

5

Oct. 18/91

AO07

GSV 750

5

Oct. 10/91

A008

MUSM 16129

5

Jul. 12/92

AO09

FMNH 321642

3

Aug. 18/85

A010

FMNH 321644

4

Oct. 08/85

A011

FMNH 321641

3

Aug. 18/85

A012

FMNH 315607

2

Oct. 26/83

A013

FMNH 321647

4

Oct. 16/85

A014

DFS 85-384

3

Aug. 20/85

A015

DFS 85-473

3

Aug. 25/85

A016

DW 3164

3

Aug. 26/85

A017

BLC 207

3

Aug. 26/85

A018

MUSM 16402

3

Aug. 18/85

A019

MUSM 16394

4

Oct. 13/85
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Code

Catalog No.

Locality

AO20

MUSM 16408

1

Oct. 10/85

A021

MUSM 16524

1

Oct. 10/85

A022

MUSM 16389

4

Oct. 13/85

A023

MUSM 16455

1

Oct. 30/85

A024

MUSM 16407

2

Aug. 09/85

AU01

MUSM 16120

5

Jul. 92

AU02

FMNH 315614

2

Aug. 85

AU03

DW 3074

3

Aug. 18/85

AU04

DW 3465

4

Nov. 01/85

AU05

DW 3449

1

Oct. 30/85

AU06

DFS 1188-1189?

4

Nov. 01/85

AU07

BLC 468

4

Nov. 01/85

AU08

BLC 159

3

Aug. 19/85

AU09

FMNH 321675

1

Oct. 10/85

AU10

FMNH 321687

2

Aug. 05/85
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